, available with this article on the internet).
cave bears split largely before the lineages of brown bears around 1.2 million years ago. Given its
The 10 samples for which PCR was succesful gave differabundance, its wide distribution in space and time, ent sequences that exclude cross-contamination between and its large morphological diversity, the cave bear the samples. The only exceptions are the two samples is a promising model for direct observation of the from Cova Linares (CLA and CLB), which come from evolution of sequences throughout time, extinction the same deposit, and the samples of the Sclayn deposit periods, and the differentiation of populations (SC3500 and SC3800), which came from the same layer shaped by climatic fluctuations during the [14] (40,000-45,000 years BP, layer 1a ( Figure 1 ). The tree derived from these sequences unique cave bear sequence [4] even though it is supported by low bootstrap scores and few informative sites. cave bears are monophyletic with 100% support. These
The various populations of brown bears are as in Figure 1 . The 13 high values are also found with the parsimony analysis bp deletion occurred in the branch leading to U. arctos and U. maritimus and is indicated by the Greek character delta.
( Figure 2 ). When the 13 bp insertion is placed in this tree, we notice that it corresponds to a region that was initially present in most bears, including U. americanus and U. thibetanus. We thus interpret these results as evidence of which always produced very good PCR amplifications. a specific deletion that occurred only in the brown/polarBecause it is impossible to obtain a 1140 bp fragment by bear lineage. Such evidence supports an early split of the using ancient DNA templates, we successively amplified cave bear from the brown/polar-bear lineage. This feature seven short, overlapping PCR fragments of the cyt b gene. will provide a unique molecular marker that will enable
We sequenced all of these fragments and compiled their researchers to discriminate between brown and cave bear sequences to generate the full-length sequence. nate between artifactual mutations and real sequence differences between samples. These mutations support the ancient origin of the PCR product because it is known that the Taq polymerase is particularly error prone in work on ancient samples. (iv) In the obtained sequences we found mostly transitions and no transversion, as expected for mt DNA. (v) The mutations are clustered in a few highly variable sites corresponding to positions known to vary in other bear species. These last two arguments stress the fact that the mutations were not created at random by PCR but that they indeed represent the results of an evolutionary process. (vi) From the same deposit level as CLA and CLB bones, a Cervus bone was extracted and analyzed. PCRs with bear-specfic oligonucleotides (H1-H3) gave no positive result, whereas Cervus-specific oligonucleotides (C. Donne-Goussé , personal communication)
Phylogenetic distance tree showing the placement of the cave bear gave a sequence of Cervus elaphus; this argues against sequence when the complete cyt b sequence is used. The three cross-contamination either in the deposit or during the U. arctos sequences used were taken from [17] . Bootstrap values extraction procedure.
obtained after 1000 replicates are indicated for each branch. We obtained similar topologies and bootstrap values by using only the third codon position or by correcting the distance matrix with the Taken together, these observations strongly support the Kimura correction. authenticity of our results, i.e., that the extracted and sequenced DNA comes from extinct specimens rather than from contamination. In a phylogenetic tree, the TAB15 sample clusters with the U. arctos and U. maritimus sequences, although its Our results clearly indicate that the cave bear emerged relation to these sequences is distant (Figure 3 ). The cave much earlier than the split between the eastern and westbear joins brown and polar bears with 97% support on ern lineages of European brown bear. This is supported distance analysis and 69% on parsimony analysis ( Figure 3 by the mt DNA control region and, even more clearly, by and data not shown). The cyt b gene does not resolve the the complete cyt b gene. The specific deletion of 13 bp relationships between the other species with high support.
in the 5Ј part of the mt DNA control region is a synapomorTaken together, these results support the notion that the phy clustering brown bears and polar bears and excluding cave bear was an early offshoot of the brown bear lineage the cave bears. It fits perfectly with our phylogenetic trees and originated long before the split between the two and provides an independent confirmation. This early lineages of brown bears.
split of cave bears is in accordance with Kurten's view, which suggests that the cave bear is an early offshoot inside the brown bear lineage [2] . Our findings contradict Authenticity of sequences remains the central issue in the views of other authors who suggest that cave bears ancient DNA studies [3, 4, 15] . Several lines of evidence diverged at about the same time as the two lineages of suggest that the sequences described in this paper are U. arctos [17] . bona fide cave bear sequences. (i) Many sequences were independently found by two teams (C. H. and P. T.). Furthermore, modern bear DNA was never introduced From the distances used to calculate the phylogenetic trees, we can estimate the date of divergence between in the laboratories used by the C. H. team. This criterion of reproducibility is obviously the most important and is brown and cave bears (see Supplementary material and Table S2 ). For the control region, we assume that the often critical in assessing previous work [16] . (ii) During this study, we also extracted ancient bones of brown bears two European lineages of brown bears are separated by 7.03% difference at the DNA level and that they diverged in parallel with our cave bear samples, and we always obtained cave bear sequences for cave bear bones and 850,000 years ago [7] . We thus calculate a date of divergence of 1.2-1.4 million years for the cave bear by using vice versa. Indeed, all the cave bear sequences obtained in this study cluster together on phylogenetic trees. (iii) a genetic distance of 11% between the cave and brown bears. For cyt b, we used as a calibration the split between Each position of the sequences has been verified from at least two amplifications by direct sequencing and cloning.
the ABC lineage from southeastern Alaska and the other North American brown bears. Talbot and Shields dated We noticed the presence of a small number of artifactual mutations between the sequences of different clones for this split at 550,000-750,000 years ago [9, 11] . The genetic distance at the third codon position yields a divergence the same bone. Given their rarity and their position in conserved sites of the sequence, it was easy to discrimidate of 1. remain open concerning the origin of these populations
